However, the overproduction of these proinflammatory cytokines (which is generally the case during the first crucial hours of envenomation) can be deleterious causing multiple dysfunctions of organs leading to a fatal outcome (5, 6) .
Th I pathway is pro-inflammatory predominance, whereas the Th2 pathway presents an antiinflammatory characteristic. The balance between the pro-inflammatory and anti-inflammatory pathways seems to be essential for maintaining homeostasis (7) .
Balance between the pro-and anti-inflammatory cytokines determines the degree and the amplitude of the clinical signs in case of scorpion envenomation (7) . However, an imbalance of the pro-and antiinflammatory mediators seems to be involved in pathogenesis of the envenomation in both clinical and experimental cases.
The counter-regulation of pro-inflammatory cytokines is more than necessary to reduce the increase of the clinical signs while keeping a balance between pro-and anti-inflammatory cytokines. Investigation on the use of some drugs to restore the balance could be interesting in curing the envenomed patients in the regions at risk.
Tacrolimus is a macrolide isolated from Streptomyces tsukubaensis, well known for its immunosuppressive properties (8) . It exerts its action mostly on the T-helper lymphocytes by forming a complex with an intracellular protein (immunophiline FKBP-12) that inhibits the action of calcineurin phosphatase involved in the Nuclear Factor of Activated T-cells (NF-AT) of IL-2 transcription and precocious activation products (lL-3, IL-4, GM-CSF, TNF-a et INF-y) (9, 10) .
Many studies have shown that tacrolimus also regulates the rate of some mediators (lL-1 B, TNF-a, IL-8, IL-6, NO, MPO, prostaglandins (PGE-2), adenosine deaminase (ADA), E-selectin, ICAM-I and VCAM-I) (11) (12) (13) (14) .
Tacrolimus is widely used in organ transplant (15) , chronic inflammatory bowel diseases (16) , psoriasis (17) , atopic dermatitis (18) , as well as in rheumatoid arthritis where it has shown a protective effect on tissue (19) , as well as in the prevention of destructive lesions observed in periodontitis (13) .
The aim ofthis study is to bring out the involvement of the overproduction of proinflammatory parameters in the exacerbation of clinical signs of scorpion envenomation and to demonstrate whether the addition of immunosuppressive and antiinflammatory drugs is beneficial or not.
MATERIALS AND METHODS

Venom
Androctonus australis hector (Aah) venom was extracted, lyophilized and kept at 4°C until use.
Anti-Aah immune-serum
Experimental immune-serum [F(ab')2 fragments]was obtained after hyper-immunization of horses with Aahvenom.
Animals
NMRI male mice (20±2 g; two months old) were provided by the central animal facility of the Faculty of Biological Sciences (USTHB). The animals were housed in controlled temperature and humidity rooms, and received food and water before the experiments which were carried out according to the European Community rules of the Ethics Committee for animal welfare.
Experimental procedure
In this study, five groups of 18 mice each were used. The control group was injected with saline solution (NaCI 0.9%) by intraperitoneal route. The second group of mice was injected with a sublethal dose ofAah venom (10 IJgl20 g body weight) by intraperitoneal route. The third group received F(ab')2 fragments (40 mgikg by intraperitoneal injection) 30 min after envenomation. The fourth group was pretreated with tacrolimus (Prograf, Astellas Toyama Co., Ltd. Japan) (1 mgikg every 12 h by per os) for 21 days before envenomation. The last group were animals that received pretreatment for 21 days with tacrolimus and then Ftab'), fragments, 30 min after envenomation. All groups were anesthetized with ethyl ether and humanely sacrificed after 30 min, 3 and 24 h after envenomation. Organs as well as blood were collected to be used in the different experiments.
Water content determination in the lungs ofmice with or without pretreatment
Sampling of lungs was carried out 24 h after envenomation. Lung was incubated at 37°C for 24 h. The magnitude of pulmonary edema-forming was assessed by the ratio of wet to dry weight of different groups of animals. Dry and wet weights corresponded respectively to the weight of lungs after incubation at 37°C for 24 h and to the weight of lungs just after sampling (20) .
Cell count in the blood and in the peritoneal cavity
Cell count of sampled blood with EDTA was carried out using an automatic analyser (Rockwell). The influx of leukocytes into peritoneal cavities of mice with or without pretreatment was evaluated after washing with saline (NaCI 0.9%) after 30 min, 3 and 24 h of envenomation.
Evaluation ofmyeloperoxidase activity (MPO)
Myeloperoxidase activity was evaluated as an infiltration marker of neutrophils. It was measured according to the intensity of the oxidation color of the ortho-diasidine product. The reaction used chromogenicsubstracte HP2 (30Y) with O-dianisidine diluted in a phosphate buffer (50 mM; pH 7). The enzymatic activity was evaluated at 460 nm (21) .
Evaluation ofeosinophil peroxidase activity (EPO)
The eosinophil peroxidase was released by activated eosinophils through different mediators of the inflammatory cascade.It was measuredusingamethodbasedontheoxidation of substrate, the hydrogen peroxide by the extracellular EPO in media with a chromogene, O-Phenylenediamine (OPD) (Sigma Germany) (22) . Sera were used in duplicate (50 flU well of plate) in presence of chromogene substrate (20 mg of OPD solubilized in 10 ml of Tris HCI buffer -0.05 M Triton X100 and 10 ul of HP), (\00 ul/well). Reaction was incubated at 37°C for I h in darkness. Absorbance was read at 490 nm using a plate reader.
Determination ofC3 complement fraction
The antigen assay of C3 complement fraction was performed by nephelometry using commercial kits (Binding Site, Birmingham, UK).
Determination ofC Reactive Protein (CRP)
CRP was measured by a nephelometric technique using a Beckman coulter analyzer and commercial kits (Randox, Crumlin, Antrim, UK).
Determination ofblood glucose
Blood glucose rate was measured at indicated times in all experiments using test strips.
Evaluation ofmetabolic parameters
Determination of serum levels of the enzymatic activities of transaminases (ASAT and ALAT) and creatine phosphokinase (CPK) was carried out according to the manufacturer's instructions (Randox, Crumlin, Antrim, UK and Spinreact, Coloma, Girona, Spain).
Evaluation oftissue damage
The induced effects on lung parenchyma by Aah venom were analyzed after 24 h of envenomation in presence and absence of pretreatment. Extracted organs from animals injected with Aah venom or from those pretreated with tacrolimus and envenomed animals were immersed in formol fixative solution (10%) for five days at room temperature, then embedded in paraffin, sliced (5 urn) and stained with hematoxylin and eosin for microscopic analysis. Micrographies were taken using light microscopy (Motic Image 2000, Version 3.2.0).
Evaluation ofthe Aah venom lethality
In order to evaluate the lethality of the Aah venom, mice with or without pretreatment with tacrolimus were envenomed with lethal dose of Aah venom (72.41 flg/ 20g of mice).
Statistical analysis
Statistical analysis was carried out using one way analysis of variance (ANOYA) and Tukey honest significant difference (HSD), using the STATISTICA 10 program. Values of P < 0.05 were considered significant.
RESULTS
Evaluation ofthe induced pulmonary edema by Aah venom on pretreated mice with tacrolimus
Amplitude ofthe edema forming on the lungs was evaluated 24 h after envenomation ofmice pretreated with tacrolimus, using the relationship between the wet and dry weight of organs. The results indicated an elevation of pulmonary index between wet and dry weight of lungs of the envenomed mice and the ones treated with immune-serum, compared to the group pretreated with tacrolimus which is similar to the control group. The presence of exudates in the lungs confirmed the edema forming.
Effect oftacrolimus in cell migration prevention
Evaluation of cell migration in mice envenomed with a sublethal dose ofAah and in those treated with immune serum indicates a significant decrease in immune cell count in blood and their increase in the peritoneal cavity, 30 min and 3 h of envenomation, suggesting an infiltration of immune cells to the inflammatory foci. The immune cell count returned to a normal level in blood and in the peritoneal cavity 24 h after envenomation (Figs. I and 2) .
When animals were pretreated with tacrolimus and then envenomed, the immune cell counts in blood and in peritoneal cavity were similar to those of controls after 30 min, 3 and 24 h of envenomation 
Myeloperoxidase enzyme activity dosage (MPO)
The results indicate an important increase of seric MPa level in sera of the envenomed mice group and those of the envenomed mice group treated with the immune serum, especially after 3 h compared to the control group (Fig. 3) , MPa activity was lower in sera of the pretreated mice with tacrolimus (Fig . 3) .
Eosinophil peroxidase evaluation in mice serum (EPO)
The results obtained indicate an increase of serum EPa activity for envenomed mice at 3 h of envenomation and envenomed and treated mice with immune sera (Fig. 4) . These results show that envenomation with a sublethal dose of Aah venom induces infiltration of polynuclear eosinophils attracted by chemotaxis towards inflammatory site following-up their activation by inflammatory mediators (lL-3 and IL-5). However, serum EPa level was lower when observed in mice pretreated with tacrolimus (Fig . 4) .
Determination ofC-reactive protein (CRP)
Envenomation with Aah venom significantly increased seric CRP in envenomed mice and in mice treated with immune serum (Fig . 5) . CRP levels were lower in pretreated animals with tacrolimus and then envenomed (Fig. 5) .
Determination ofC3 complement fraction
The obtained results indicate that the serum C3 fraction of complement fraction was higher in mice -:f pretreated with tacrolimus than those envenomed or envenomed and treated with immune serum. Similar results report that the level of C3 fraction is important in patients treated with tacrolimus compared to those with placebo (23).
3 h after envenomation with Aah venom compared to the control. Pretreatment of mice with tacrolimus alone or associated with the immune-serum induced a decrease of glucose in blood compared to the envenomed mice.
Tacrolimus effect in the prevention of the induced hyperglycemia after envenomation
A hyperglycemia was observed at 30 min, 2 and
Determination ojCPK, ASAT and ALAT in the serum
Enzymatic activities of CPK, ASAT and ALAT, increased after 30 min and 3 h of envenomation. After 24 h, we observed a slight decrease (Fig. 6) . The level of these enzymes decreased in sera of mice treated with immune-serum as well as in mice pretreated with tacrolimus alone or associated to the immune serum and remained similar to the control (Fig. 6 ).
Histological analysis of the lung parenchyma after envenomation by Aah venom on mice pretreated with tacrolimus
In order to assess the effectiveness of the pretreatment on tissue damage of lung parenchyma which could be induced by the venom, histology analysis was undertaken. The microscopic examination of the lung of mice injected with a sublethal dose of Aah venom showed complete disorganization of lung parenchyma structure characterized by pulmonary edema which persisted after 24 h, hemorrhagic areas at the level of alveoli, infiltration of inflammatory cells and thickening of interalveolar septa (Fig. 7) .When mice were treated with immune serum 30 min after envenomation, the structure of lung parenchyma presents the same effects (edema, hemorrhagic and thickening of interalveolar septa) (Fig. 7) . Pulmonary lesions were partially attenuated in lung parenchyma of mice pre-". . .   <, ' ........ .........------------------ treated with tacrolimus (Fig. 7) .
Evaluation ofAah venom lethality
The effect of tacrolimus was tested against the lethal effect induced by Androctonus australis hector venom on mice tissue. The results showed that after one hour, the mice group not treated with the tacrolimus died (Fig. 8) . However, the pretreatment with the tacrolimus seems to be effective in preventing mice against the toxicity of the venom since two out of five mice survived the injected dose of venom (Fig. 8) .
DISCUSSION
Every year, in tropical and sub-tropical regions of the world, several thousands of people lose their lives due to scorpion stings. The only specific treatment available to date is immunotherapy. Due to the complexity and the involvement of several parameters in the induced pathophysiological effects after scorpion envenomation, this treatment seems to have partial efficicacy.
The Balance between pro-and anti-inflammatory cytokines determines the degree and intensity of inflammation which might worsen clinical signs after scorpion envenomation (7) . Involvement of pro-inflammatory cytokines in aggravation of the pathophysiology of envenomation could be an approach to investigate the conservation of the physiological state by repression of signalling pathways while keeping a balance between pro-and anti-inflammatory cytokines (7) .
Scorpion venoms induce an increase in the levels ofTNF-a, IL-6, GM-CSF, INF-g, IL-lB, IL-8, IL-IO, the soluble receptor of IL-6 (sIL-6R) and RANTES chemokine in the serum of envenomed animals and accidentally stung patients (24, 25) . Binding of scorpion toxins to their targets leads to the release of kinins. These molecules can induce vasodilatation, stimulating the neutrophil migration which in tum leads to NO release, prostaglandins and leukotriens (26) . This binding leads also to the release of substance P from nerve endings while it could lead to an increase of vascular permeability, on the one hand by mast cell activation which secretes prostaglandins, PAF, histamine, leukotriens and the serotonin (27) and on the other hand by acting directly on the vascular endothelial cells. Substance P supports leukocyte migration towards damaged tissue (24) . The release of prostaglandins, leukotriens, PAF, histamine, serotonin, and NO by the inflammatory cells is also stimulated by the cytokines (TNF-a, IL-lB, INF-g) and the chemokine (lL-8) released by the inflammatory cells activated by scorpion venom (24) .
A correlation between pro-inflammatory cytokine concentration such as TNF-a, IL-IB, INF-g, and 11-8 as well as the severity ofscorpion envenomation has been reported (24) . Pro-inflammatory cytokines such as IL-l B, IL-6, and TNF-a are responsible for initiation of an effective defense against exogenous pathogens.
However, an overproduction of these mediators can be harmful and may ultimately lead to shock, multiple organ failure and death (5, 6) . In contrast, anti-inflammatory cytokines including IL-4, IL-5, and IL-IO are crucial for downregulating the exacerbated inflammatory process and maintaining homoeostasis. Excessive anti-inflammatory response may also result in the suppression of body immune function (3) .
Myocardial alterations are also triggered by released cytokines in scorpion envenomation. Many clinical studies suggest that the release of cytokines (IL-l, IL-6, IL-8, TNF-a) could activate endothelial cells, macrophages and monocytes. These activated cells secrete NO and IL-8, and are responsible for the activation and sequestration of leukocyte at myocardial level. Leukocyte accumulation leads to myocardial ischemia and a decrease of biventricular contractility (28) . These studies have also shown that severely envenomed patients present high levels of creatine kinase.
Production and/or the release ofcytokines can also play a role in the development of hyperglycaemia, particularly in TNF-a, which triggers insulin resistance in animal model (29) . Studies have shown that pro-inflammatory cytokines (ILlB, TNF-a, and INF-g) trigger alterations of pancreatic B cells of Langerhan's islets and an increase of hyperglycemia (30) . The counter-regulation of pro-inflammatory cytokines is more than necessary to decrease the aggravation risks of clinical signs, keeping a balance between pro-and anti-inflammatory.
In our studies, the immunosuppressive effect and anti-inflammatory effect oftacrolimus were evaluated. The results achieved show clearly that tacrolimus decreased the intensity of pathophysiological effects caused by scorpion envenomation.
In other results, it has been shown that tacrolimus inhibits pro-inflammatory cytokine production (ILlB, TNF-a, IL-6) and chemokines (KC, IL-8) (12) (13) (14) , adenosine-deaminase (ADA) (15), PGE-2 (13), inhibition ofMPO activity (12) (13) (14) , and the inhibition of iNOs, which explains the significant reduction of NO in inflammation (12, 14) . Tacrolimus inhibits also the exudation and cell migration induced by bradykinin, histamine and substance P in a mouse model of pleurisy (12) .
In this study, we can conclude that tacrolimus significantly reduces the overproduction of involved pro inflammatory parameters in the aggravation of the induced physiopathological effects after scorpion envenomation.The resultsobtainedshowtheimportance of immunosuppressive and anti inflammatory drugs. The use of F(ab')2 fragments as specific treatment can not reduce the induced inflammatory response.
